INTRODUCTION
Chalcones are one of the most important classes of natural products existing in many plant species, such as compound 1 in Macaranga denticulata (Lei et al., 2016) , 2 in Uvaria siamensis roots (Salae et al., 2017) , 3 in Stevia lucida (Morales et al., 2018) , and 4 in Pongamia pinnata (L.) Pierre roots (Wen et al., 2018) . Recently, some new hydroxychalcones bearing sugar functionalities (5-7) have been isolated and identified from the flowers of Coreopsis lanceolata by Kim et al. (2019) (Fig. 1) . In basic structure, they are 1,3-diphenyl-2-propen-1-ones (two aromatic rings connected with α,β-unsaturated carbonyl moiety). In nature, chalcones serve as precursors for flavonoids and isoflavonoids biosynthesis (Ahmadi et al., 2019) . Scientific study has demonstrated that chalcone derivatives display a wide variety of attractive biological activities, such as anti-inflammatory (Rücker et al., 2015) , anticancer (Bonakdar et al., 2017) , antidiabetic (Shukla et al., 2017) , antiprotozoal (Hayat et al., 2011) , antibacterial (Osorio et al., 2012) , antiviral (Pradip et al., 2016) , and antioxidant (Díaz-Carillo et al., 2018) . They have also been reported to show antihypertension and antitumor effects (Avila-Villarreal et al., 2013; Bandgar et al., 2012) . Thus, their fascinating biological properties has made chalcone derivatives as a main target for the development of novel molecular diversity in drug design and discovery projects (Espinoza-Hicks et al., 2019; Tajuddeen et al., 2018; Zhuang et al., 2017) .
Nowadays, nitrogen, oxygen, and sulfur containing heterocyclic compounds have been widely studied due to their interesting applications as bioactive molecules (Kalaria et al., 2018; Saleh et al., 2019) . For instance, compounds containing some nitrogen heterocycles, such as pyrazole, benzimidazole, and triazole have been reported to possess antiproliferative, anti-inflammatory, kinase inhibitory, antimicrobial, and anticancer properties (Celik et al., 2018; El-Gamal et al., 2017; Pinto et al., 2014 ; Sashidhara et al., 2015) . Meanwhile, oxygen as well as sulfur containing heterocycles, such as benzofuran, benzopyran, and benzothiophene derivatives, have attracted medicinal chemist's interest because of their therapeutics potential as antitubercular, antibacterial, antioxidant, cytotoxic, and anticancer (Baldisserotto et al., 2018; Romero-Parra et al., 2016; Singh et al., 2016; . With the widespread of benefit of organic compounds bearing heterocyclic moieties, many researchers have focused their study in the synthesis of chalcone derivatives containing heterocyclic scaffolds. A large number of bioactive chalcones are synthesized together with the existence of heterocyclic ring in the structure (Fig. 2 ). This review focuses on the recent development of these compounds with significance in the field of medicinal chemistry due to their notable biological actions.
BIOLOGICAL ACTIVITIES OF CHALCONE-HETEROCYCLIC HYBRIDS

Chalcones containing N-heterocycles
5-membered ring
Imidazole and Benzimidazole. Several previously reported chalcone derivatives containing 5-membered ring of N-heterocycles are depicted in Figure 3 . Sasidharan et al. (2018) synthesized 11 derivatives of (2E)-1-[4-(1H-imidazol-1-yl) substituted phenyl]-3-phenylprop-2-en-1-one and evaluated their biological action as inhibitors of recombinant human monoamine oxidase (MAO) A and B. Compound (1) was denoted to be the most active in the series, a nonselective and reversible competitive inhibitor of MAO-A and MAO-B having IC 50 values of 0.30 ± 0.010 and 0.40 ± 0.017 μM, respectively. Meanwhile, compound (2) exhibited appreciable activity with IC 50 values of 1.06 ± 0.090 and 0.32 ± 0.021 μM, respectively. These compounds have better inhibitory activities on MAO-A than Toloxatone (IC 50 = 1.10 ± 0.0085 μM) but lower activities on MAO-B inhibition than Pargyline (IC 50 = 0.082 ± 0.010 μM) as standard. Several substituted styryl 2-benzimidazole chalcone derivatives have been prepared by fly-ash:H 2 SO 4 catalyst and tested for their insect anti-feedant activities using Dethler's method (Janaki et al., 2016) . It was found that the compound containing p-bromo substituted to the phenyl ring (3) was found to be the most active as antifeedant at 150 ppm concentration. Some N-benzyl substituted benzimidazole chalcones have been synthesized via multistep reaction sequences (Padhy et al., 2016) . The synthesized compounds were screened for their antibacterial performance against some selective Gram-positive and Gram-negative bacteria. Amongst tested benzimidazole-chalcone hybrids, compound (4) showed good activity against Staphylococcus aureus and Bacillus subtilis with MIC value of 62.5 μg/ml on both cases. However, this compound possessed less activity against Escherichia coli and Pseudomonas aeruginosa as Gram-negative bacteria with MIC values of 125 and 500 μg/ml, respectively.
Carbazole. Considering that topoisomerase II is one of promising targets for anticancer drugs, some chalcone derivatives containing carbazole moiety have been synthesized and evaluated as non-intercalative topoisomerase II inhibitors and apoptosis-inducing agents (Li et al., 2018) . Although compound (5) possessed moderate topoisomerase II inhibitory activity at 50 μM, it is noteworthy that this derivative displayed high growth inhibition against four human cancer cell lines with IC 50 values of 0.36 μM (on HeLa), 2.16 μM (on A549), 0.62 μM (on PC-3), and 0.22 μM (on HL-60). Meanwhile, compound (6) displayed high activity as topoisomerase II inhibitor but showed less inhibitory activity against tested cancer cell lines with IC 50 values of 5.48, 9.57, 7.12, and 2.85 μM, respectively. Compound (5) and (6) can arrest the HL-60 cells in sub G1 phase by induction of apoptosis.
Pyrazole. A series of pyrazole-based chalcone derivatives were synthesized by Kumari et al. (2018) and subjected to antimicrobial and antioxidant screening. Some of the tested compounds exhibited significant activity against bacterial strains. Amongst the pyrazole-chalcone hybrids, compound (7) displayed the most potent activity against B. subtilis, P. aeruginosa, S. aureus, and E. coli with inhibition zone inhibition of 16 ± 0.82, 14 ± 1.24, 13 ± 0.60, and 14 ± 0.83 mm, respectively. The in vitro antioxidant evaluation of the synthesized compounds was performed using 1,1-diphenyl-2-picryl hydrazide (DPPH) radical scavenging method. Compound (7) possessed promising activity with IC 50 value of 88.04 μg/ml.
Pyrrole. Synthesis of a series of pyrrole-based chalcone derivatives and biological evaluation of their CYP1 enzyme inhibitory activity were performed by Williams et al. (2017) .
From the assay, compound (8) was denoted as the most active agent that selectively inhibited CYP1B1 isoform with IC 50 of ~0.2 μM. However, compound (9) has shown to inhibit both CYP1A1 and CYP1B1 isoforms with IC 50 value of ~0.9 μM in the same conditions. Further study revealed that this compound totally protected human cells from benzo[a]pyrene toxicity and reversed cisplatin resistance.
Triazole. Some chalcone-1,2,3-triazole conjugates have been prepared by using copper nanoparticles supported on cellulose in aqueous medium (Yadav et al., 2017) . The synthesized compounds were evaluated for their anticancer potential using 3-(4,5-dimethylthiazole-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay against four human cancer cell lines (HepG2, MIA-Pa-Ca-2, MCF-7, and A549). The most active compound (10) (IC 50 against abovementioned cell lines = 9, 4, 5 and 11 μM, respectively) displayed better or comparable performance to the reference drugs. Furthermore, this lead compound not only induced apoptosis and G2/S arrest but also triggered mitochondrial potential loss in MIA-Pa-Ca-2 cells.
6-membered ring
Pyridine. The structure of chalcone compounds bearing 6-membered N-heterocycles are presented in Figure 4 . Several substituted pyridine-containing chalcone derivatives were designed, synthesized, and biologically screened for their antiviral activity (Chen et al., 2015) . Results demonstrated that at 500 μg/ ml, most of the synthesized compounds exhibited appreciable antiviral activity against cucumber mosaic virus (CMV). Particularly, compound (11) displayed an enhanced antiviral activity with curative, protection, and inactivation activities of 69.8 ± 1.8%, 39.1 ± 2.6%, and 88.1 ± 1.5% respectively, while compound (12) also exhibited high activity against CMV with above parameter values of 65.0 ± 3.9%, 54.9 ± 1.4%, and 88.6 ± 1.2%, respectively. These compounds were denoted as the most active compounds in the series.
Acridine. The significant role of acridine moiety contributes to molecular diversity of chalcone derivatives, which is essential for potent antimalarial activity. Tomar et al. (2010) designed new chalcone derivatives containing acridinyl scaffold from the reaction between various 3ʹ-or 4ʹ-aminochalcones and 9-chloroacridine via catalyst-free nucleophilic aromatic substitution. The synthesized compounds have been elucidated and in vitro evaluated for their antimalarial properties against Plasmodium falciparum NF-54. All the chalcone derivatives demonstrated 100% inhibition at concentration of 10 μg/ml and above. Compounds (13)- (15) showed >71% inhibition at 2 μg/ ml. Although at low concentration (0.4 μg/ml), compound (13) exhibited 71.4% inhibition of parasite.
Piperidine. Some piperidine tethered chalcone derivatives were synthesized and tested as inhibitors of normal human basophil degranulation and anti-PI3Kδ activities (Dumontet et al., 2018) . Compound (16) actively demonstrated to reduce respiratory pressure and inhibit normal human basophil degranulation in a dose-dependent manner. This compound has comparable activity with reference drug betamethasone.
Pyrazine. Synthesis and biological assay of chalcone derivatives containing pyrazine nucleus were conducted by Kucerova-Chlupacova et al. (2015) . Compounds (17) and (18) bearing nitro substituent showed good potency against some fungal strains. For instance, on Trychophyton mentagrophytes, they have MIC values of 7.81 and 3.90 μM, respectively. They displayed comparable activity to that of fluconazole, a reference mycoses drug which is occasionally used after voriconazole and terbinafine. The synthesized compounds were also tested for their antimycobacterial activity. Not only in antifungal screening, these two compounds were also denoted as the most potent agents against Mycobacterium tuberculosis H 37 Rv (ATCC 27294) with MIC 90 value of 6.25 μg/ml for both compounds.
Piperazine. A series of new chalcone-based dithiocarbamate derivatives containing piperazine and morpholine moieties were synthesized, structurally elucidated and evaluated for their antibacterial activity against multidrug-resistant Gramnegative bacteria (Ayman et al., 2019) . In chalcone-piperazine series, compound (19) has proved to inhibit P. aeruginosa (Ps12), and Klebsiella pneumoniae (K4) with inhibition zone diameter of 24 and 25 mm, respectively. However, compound (20) with inhibition diameter of 23 and 20 mm, respectively, showed better DNA binding affinity than reference drug doxorubicin with IC 50 value of 30.97 μg/ml. This result indicating that compound (20) could have a role in high antibacterial effect. Molecular docking study revealed that aromatic planar moiety of this compound intercalates toward the minor groove between the double strands of DNA.
Quinazoline. Inspired by the availability of some anticancer drugs containing quinazoline moiety, such as Gefitinib and Erlotinib (Herbst, 2003; Murphy and Stordal, 2011; Sun et al., 2011) , a new series of 10 quinazoline-based chalcone derivatives were designed and synthesized via four steps reaction starting from 2-aminobenzoic acid (Madhavi et al., 2017) . Amongst the synthesized derivatives, compounds (21)-(24) exhibited higher or comparable anticancer potential than the reference drug Combretastatin-A4 against four human cancer cell lines. These compounds have IC 50 values of 2.90, 0.10, 0.10, and 2.10 μM, respectively, against A549 human alveolar adenocarcinoma cell line. On HT-29 human colorectal adenocarcinoma cell line, these compounds have IC 50 of 0.18, 0.13, 1.56, and 2.89 μM, respectively. Against A375 melanoma cell line, these compounds displayed IC 50 of 1.89, 1.34, 0.19, and 1.37 μM, respectively. On MCF-7 human breast adenocarcinoma cell line inhibition, compound (22)-(24) were checked with IC 50 values of 0.17, 0.14, and 0.16 μM, respectively. Meanwhile, control drug has IC 50 values of 0.11, 0.93, 0.18, and 0.21 μM against A549, HT-29, MCF-7, and A375 cancer cell lines, respectively. Recently, Han et al. (2019) synthesized chalcone analogues containing a 4-oxoquinazolin-2-yl scaffold and evaluated for their antitumor effects. From 38 compounds synthesized, (25) was denoted as the most potent agent that exhibit cytotoxic activities against HCT-116 and MCF-7 cells with IC 50 of 3.56 and 4.08 μM, respectively. Compound (25) induced apoptosis in the sub-G1 phase and mitochondrial death pathway.
Quinoxaline. Organic compounds containing chalconequinoxaline hybrid was first ever synthesized by Desai et al. (2017) and subjected to antimicrobial and antitubercular assays. Through biological evaluation, it was noted that compound (26) and (27) with hydroxyl functionality in the ring exhibited significant antitubercular activity toward MTbH37RV with minimum inhibition concentration value of 3.12 μg/ml, comparable to the control drugs Pyrazinamide and Ciprofloxacin. From evaluation of antimicrobial effects, compound (26) displayed antibacterial activity against both Gram-positive and Gram-negative bacteria, but no activity against fungal strains. It has MIC of 5 μg/ml against both S. aureus and E. coli. Meanwhile, compound (27) showed antibacterial as well as antifungal effects with MIC values of 10, 5, and 10 μg/ml toward S. aureus, E. coli and Candida albicans, respectively.
Other N-heterocyclic rings
Caffeine. A novel series of caffeine-based chalcone derivates was synthesized and biologically tested as potential antitrypanosomal, antileishmanial, and antimalarial candidates (Insuasty et al., 2015) . Amongst the designed compounds, (28) and (29) showed notable performance against Leishmania panamensis with growth inhibition values of 88.3 ± 1.5% and 82.6 ± 2.2%, respectively, at the concentration of 20 μg/ml (Fig. 5) . Meanwhile, compound (30) that contains trimethoxy substituent exhibited remarkable inhibition against Trypanozoma cruzi even at very low concentration (9.7 ± 1.5% at 1.0 μg/ml; EC 50 5.9 ± 1.4 μg/ml). Investigation on cytotoxic effects demonstrated that compound (30) was highly cytotoxic against promonocytic human U-937 cell with LC 50 of 3.2 ± 0.5 μg/ml. However, none of these compounds exhibited strong antimalarial activity.
Carboline. A new series of tricyclic pyrido[3,4-b] indole (β-carboline) tethered chalcone derivatives were designed, synthesized, and biologically evaluated for their anticancer activity and DNA-binding affinity . Most of the synthesized derivatives possessed promising cytotoxic properties against A549 lung adenocarcinoma cancer cell lines with IC 50 less than 10 μM. Compound (31) with trimethoxy substituent on the aromatic ring at chalcone skeleton as well as C-1 position of β-carboline was observed to possess remarkable activity against all the tested cancer cell lines with IC 50 values of 5.30 (A549 lung adenocarcinoma), 6.37 (B-16 melanoma), 19.59 (PC-3 human prostate), 23.08 (HT-29 human colon colorectal), and 44.26 (HeLa cervical) μM. However, compound (32)-(39) showed significant elevation in ΔTm of DNA compared to reference drug Adriamycin that indicating significant interaction and notable DNA stabilization. Another novel series of chalcone derivates connected to β-carboline via C-1 position were also synthesized and investigated for their activities as potent anticancer and antibacterial agents (Venkataramana Reddy et al., 2018) . Off the synthesized β-carboline-chalcone conjugates, compound (40) that contains trimethoxy substituent and the molecule in the form of bromide salt was denoted as the most active compound against a panel of cancer and non-cancerous cell lines with IC 50 values of 20 ± 2.1 (BxPC-3), 22.1 ± 3.23 (HeLa), 16.13 ± 4.2 (C4-2), 22.02 ± 3.25 (PC-3), 17.18 ± 2.98 (HEK293T), 15.95 ± 3.41 (MDA-MB-231), and 55.23 ± 5.8 (NIH3T3) μM. Meanwhile, compound (41) with p-methoxy group was found to be the most active analogue in the series to inhibit Gram-positive as well as Gram-negative bacterial strains. The best performance of this compound occurred when it can inhibit S. aureus with 15 mm of zone inhibition diameter and MIC value of 440 μg/ml.
Purine. Purine is N-heterocyclic aromatic compound consisting an imidazole ring fused to a pyrimidine system. Novel chalcone derivatives containing a purine scaffold were designed and synthesized by combining biologically active substructures (Gan et al., 2017) . Chalcone and purine moieties were connected with an amide bridge. The synthesized compounds were subjected to antiviral evaluation against tobacco mosaic virus (TMV) and CMV. Amongst them, compounds (42) and (43) demonstrated superior curative, protective, and inactivation ability against TMV, which were better than those of reference drug ribavirin. Compounds (42) and (43) displayed appreciable curative and protective activities on CMV. Particularly, compound (42) exhibited a moderate affinity to TMV coat protein which is in tune with the inactivation ability. Still come from same research group, hydroxy chalcones and 6-chloro-9H-purine were adducted to give chalcone-purine hybrids and tested in vivo for their antiviral activity (Wang et al., 2018) . The result revealed that amongst the designed derivatives, compounds (44)-(47) showed superior curative activity toward CMV with EC 50 values of 301.1, 315.7, 282.3, and 230.5 μg/ml, respectively. These compounds were more active than that of control drugs ribavirin (726.3 μg/ml) and dufulin (373.7 μg/ml). Furthermore, from fluorescence spectroscopy study demonstrated that compound (44) displayed strong combining capacity to TMC coat protein. In another research paper, Zhou et al. (2018) synthesized a new series of chalcone derivatives bearing a purine and benzenesulfonamide moieties. Through in vivo antiviral assays, some of the derivatives have been reported to exhibit excellent anti-TMV and anti-CMV. With EC 50 value of 51.65 μg/ml, compound (48) was denoted as the most potent hybrid that showed significant inactivating activity toward TMV. This derivative also displayed strong binding capacity to TMV coat protein.
Indolizine. An accessible protocol for the synthesis of a new series of chalcone-indolizine hybrids via base-mediated Aldol condensation has been presented by Park et al. (2018) . The synthesized hybrids were then subjected to anticancer assessment against lymphoma cells (U937, Raji and JeKo-1 cells). Among them, compound (49) was denoted as the most potent agent that resulting cell viability less than 60% at 1 μM against U937 cells. The data in hand also indicated the importance of 3,5-dimethoxy moiety in the phenyl ring toward anticancer properties. Compound (50) and (51) with halogen substituent at meta position displayed remarkable inhibition of cell activity better than that of the para position. Moreover, compound (49) demonstrated better apoptotic inducing activity than reference drug doxorubicin but lower than that of cisplatin.
Imidazopyridine. A series of imidazo[1,2-a]pyridinechalcone conjugates were designed, synthesized, and evaluated as potent inhibitors against A549 cell line (Kuthyala et al., 2019) . Screening using MTT assay suggested that compounds (52)-(57) displayed significant inhibitory activity with IC 50 values in the range of 7.0-42.2 μg/ml. Among the synthesized molecules, compound (54) was denoted as the most active agent having IC 50 of 7.0 ± 2.1 μg/ml. Through single crystal XRD study, compounds (53), (55), and (57) showed well-defined crystal structures.
Chalcones containing O-heterocycles
5-membered ring
Furan. Zheng et al. (2011) synthesized 36 new heterocyclic chalcone compounds containing furan, thiofuran, and quinoline systems and investigated for their activity against Grampositive and Gram-negative bacteria. Some derivatives selectively inhibited Gram-positive bacteria, including the multidrug-resistant isolates. Furan-containing chalcones were found to be more active than two other series. The synthesized compounds displayed high activity against Streptococcus mutans. In particular, compound (58) was noted as the most potent derivative with MIC value of 2 μg/ml, it was as active as positive control norfloxacin but less active than oxacillin (Fig. 6) . On the contrary, none of the designed compounds exhibited growth inhibition against Gramnegative bacteria at concentration of 64 μg/ml. The authors noted that no significant difference was observed between electrondonating and electron-withdrawing groups on the aromatic ring for contribution to antibacterial performance. Another research result within the same laboratory, Sun et al. (2013) constructed furanchalcone derivatives as protein tyrosine phosphatase inhibitors. Amongst the compounds reported, (59) and (60) were selected as potent protein tyrosine phosphatase1B (PTP1B) inhibitors with IC 50 values of 2.90 ± 0.12 and 2.49 ± 0.23 μM, respectively. The study suggested that, in general, compounds tethered with electron-withdrawing or dihydroxy groups exhibited promising activity against the PTP1B.
Benzofuran. A number of benzofuran-chalcone hybrids were synthesized and in vivo studied with transgenic Caenorhabditis elegans (Sashidhara et al. 2014) . The results showed that compound (61)-(63) significantly reduced Aβ aggregation, acetylcholinesterase (AChE) level, and oxidative stress in the worms. These hybrids were found to increase acetylcholine (ACh) level and provide protection toward chemically-induced cholinergic neurodegeneration. In order to find a novel anticancer candidate containing chalcone-benzofuran system, Coskun et al. (2017) developed a new series of 1-(7-ethoxy-1-benzofuran-2-yl) substituted chalcone derivates by the base-catalyzed ClaisenSchmidt reaction of 1-(7-ethoxy-1-benzofuran-2-yl) with various aromatic aldehydes. It is noteworthy to remember the compound that contain dimethyl amino or trimethoxy substituents showed promising activity against tested cancer cell lines. Compound (24) was denoted as the most potent derivative with IC 50 values of 9, 2, and 10 μM against A549, MCF-7, and PC-3, respectively. At 20 μM concentration, compound (64) was in the late apoptotic stage around more that 90% of the cells in MCF-7 and A549, while in PC-3 cell, 6.45% and 59.70% were in the early and late apoptotic stage, respectively. Still at same sample concentration, compound (65) displayed the most growth-inhibitory effect on PC-3 cell line for 72 hours. In a work by Mphahlele et al. (2018) , a series of 2-arylbenzo[c]furan-chalcone hybrids were designed and synthesized via Claisen-Schmidt reaction to produce chalcone and subsequently reacted with some aryl alkynes via Sonogashira cross-coupling reaction to construct the benzofuran moiety. The organic derivatives were then investigated for their in vitro antiproliferative effects against MCF-7 cancer cell line and for potential anti-tubulin polymerization and/or EGFR-Tyrosine Kinase phosphorylation. Most of the synthesized compounds displayed medium to superior activity against MCF-7 compared to the reference drug actinomycin D. Amongst them, compound (66) and (67) exhibited significant inhibition with IC 50 of 0.55 ± 0.24 and 3.55 × 10 −4 ± 0.07 μM, respectively. These lead compounds also demonstrated promising inhibitory activity against EGFR-TK phosphorylation with corresponding IC 50 values of 0.17 ± 0.03 and 0.09 ± 0.03 μM, respectively. The values are comparable with standards actinomycin D and gefitinib. The title compounds were found to possess anti-tubulin effect.
Homoserine Lactone. Recently, chalcone derivatives bearing homoserine lactone scaffold were synthesized and investigated for their antiproliferative activity against four human cancer cell lines MCF-7, MGC-803 DU145, and PC-3 (Yu et al. 2019) . Following in vitro evaluation, several derivatives displayed selective and potent inhibitory activity against two prostate cancer cell lines DU145 and PC-3. Compounds (68)-(70) were found to have the best activity with IC 50 values below 5.0 μM, much more active than that of natural OdDHL as reference. Compound (69) showed its ability to inhibit cell migration and colony formation of DU145 cells in dose-dependent manner.
6-membered ring
Coumarin. A novel series of chalcone-coumarin hybrids were synthesized by Sashidhara et al. (2010) and subsequently in vitro evaluated as potential anticancer agents (Fig. 7) . Some of these derivatives showed promising activities with broad spectrum against four human cancer cell lines KB (oral squamous carcinoma), C33A (cervical carcinoma), MCF-7 (breast adenocarcinoma), A549 (lung carcinoma), and mouse embryo fibroblast (NIH3T3). Compound (71)-(73) exhibited remarkable performance with IC 50 values in the range of 3.59-8.12 μM. Compound (73) was denoted as the most potent derivative in the series that shows 30-fold more selective against C33A than normal fibroblast NIH3T3 cell line with IC 50 of 3.59 μM. In order to develop a new class of DNA oxidation inhibitors and radical scavengers, Xi and Liu (2014) have synthesized chalcones containing coumarin framework. Compound (74)-(77) were found to have significant inhibitory activities. Following in vitro investigation, it was found that the antioxidant capacity of compound having hydroxyl group attaching to coumarin skeleton can be increased by the presence of hydroxyl group attaching to the aromatic part of chalcone structure. Coumarin-clubbed chalcone derivatives promoted stronger antioxidant effects with only one or two phenolic OH group in the structure. Moreover, double OH group at adjacent location demonstrated high effectiveness to inhibit Cu(II)/ glutathione-induced DNA oxidation and to scavenge ABTS as well as DPPH radicals. Vazquez-Rodriguez et al. (2015) designed and synthesized chalcone-coumarin hybrids as selective antibacterial agent against fish pathogens tenacibaculosis. The hybrid (78)-(80) presented appreciable activities toward fourteen strains of Tenacibaculosis maritimus. Compound (80) was denoted as the most potent derivative exhibiting MIC values 20-fold more than reference drug enrofloxacin against two strains of Tenacibaculosis maritimus LL01 8.3.1 and LL01 8.3.8. It is noteworthy to keep in mind that compounds that bear an amino group at ortho or para position in benzoyl group demonstrated high antibacterial activities. A new series of chalcone-coumarin fibrates were designed, synthesized, and evaluated as PPARα/γ agonists with potent antioxidant ability (Niu et al. 2017) . Compounds exhibited potent dual PPARα and γ agonists. In PPARα agonist activity, they showed to be more active than that of fenofibrate. Investigation of antioxidant capacity revealed that compounds (82) and (84)-(87) had stronger effects than Trolox with IC 50 in the range of 9.40-18.63 μM.
Chromene. Foroumadi et al. (2010) have synthesized two series of chalcone derivatives tethering chromene moiety, namely, 1-(6-methoxy-2H-chromen-3-yl)-3-phenylpropen-1-ones and 3-(6-methoxy-2H-chromen-3-yl)-1-phenylpropen-1-ones. Following in vitro biological evaluation as antileishmanial agents, chloro-substituted of the 1-(6-methoxy-2H-chromen-3-yl)-3-phenylpropen-1-ones showed superior activity toward Leishmania major at non-cytotoxic concentrations. Compounds (88)-(90) were found to be the most powerful antileishmanial agents with IC 50 values less than 1 μM.
Chalcones containing S-heterocycles
5-membered ring
Thiophene. Mathew et al. (2016) reported the synthesis of thiophene-based chalcone derivatives from 2-acetyl thiophene and substituted aromatic aldehydes via Claisen-Schmidt aldol condensation reaction (Fig. 8) . Following ADME studies, in silico toxicity prediction and exploration of molecular recognition, compound (91) demonstrated a docking score of -8.46 kcal/ mol with calculated inhibition constant toward the active site of MAO-B of about 0.64 μM. Synthesis and anticancer studies of the novel aryl/heteroaryl chalcones derived from 3-aryl thiophene-2-carbaldehydes were developed by Venkataramireddy et al. (2016) . Amongst the compounds evaluated, (92) was denoted to be the best anticancer candidate with IC 50 of 21 μg/ml against HCT-15 human colon cell line, slightly better than that of doxorubicin as control drug. Meanwhile, compound (93) showed remarkable activity with IC 50 of 22.8 μg/ml. Anticancer effects of chalcone derivatives of 2-acetyl thiophene were studied by Fogaça et al. (2017) . After in vitro assessment against human breast cancer cells MCF-7 and MDA-MB-231 for 48-hour treatment, all the chalcone derivatives significantly reduced cells viability in a dose-dependent manner. In particular, compound (94) displayed the best cytotoxic performance with IC 50 values of 11.76 ± 4.87 and 5.52 ± 4.26 μM against MCF-7 and MDA-MB-231 cell lines, respectively. In a work by Lokesh et al. (2017) , new series of 2,5-dichloro-3-acetylthiophene chalcone hybrids were synthesized and in vitro investigated for their antifungal, antitubercular, and cytotoxic activity against DU145 prostate cancer cell line. Among the synthesized derivatives, compound (95) displayed comparable antifungal activity to the reference Fluconazole against Aspergillus niger and Candida tropicalis with MIC value of 4 μg/ml. This compound also demonstrated the most potent cytotoxic property toward DU145 with IC 50 value of 5 ± 1 μg/ml, same ability compared to the control Methotrexate (MTX). Compound (96) showed the best performance against M. tuberculosis H 37 Rv with MIC of 3.12 μg/ ml, same activity when compared to the Pyrazinamide as general medication for tuberculosis. Still in the same year, thiophenebased heterocyclic chalcones were synthesized, characterized, and biologically evaluated as antifungal agents (Ming et al. 2017 ). Out of the tested compounds, (97) was found to exhibit appreciable inhibition against C. albicans and A. niger with MIC values of 128 and 64 μg/mL, respectively. Chandra Sekhar et al. (2018) reported the synthesis and biological assessment of the chalcone derivatives linked to a thiophene scaffold, 5-aryl-thieno[3, 2-b] thiophene-chalcones. Compounds (98)-(101) showed promising antibacterial activity against S. aureus (ZOI = 24, 23, 22, and 22 mm, respectively), more active than that of Ampicillin (ZOI = 20 mm) as reference antibacterial drug. Meanwhile, compounds (102)-(104) displayed excellent activity toward both A549 and SKNSH cancer cell lines with IC 50 values of 52.40, 51.00, and 47.17 μM, respectively. Ritter et al. (2015) reported the synthesis and antimicrobial evaluation of thiophene-chalcone hybrids. Amongst the prepared derivatives, compound (105) demonstrated activity against broad spectrum of bacteria with the IC 50 values of 219.1 μg/ml (S. aureus), 441.9 μg/ml (P. aeruginosa), 338.5 μg/ml (Enterococcus faecalis). However, none of these values are lower than that of reference drugs.
Benzothiophene. Benzfused thiophene, also called benzothiophene, linked to the chalcone structures via amide bond were synthesized and in vitro investigated for their antimicrobial potential (Naganagowda et al. 2012) . In this series, compounds (106) and (107) showed moderate activity against bacterial strains and significant activity against fungal strains.
CONCLUSION AND PROSPECTIVE
Chalcone, a diaromatic connected by ketovinyl chain, can be traced in a number of biologically active agents. The biological potential of chalcone derivatives may be increased by the presence of nitrogen, oxygen, or sulfur-containing heterocyclic scaffolds. They demonstrate promising activities compared to the control drugs to inhibit or destroy several cancer cell lines, fungus, bacteria, and other specific target of diseases.
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